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Summary
Objective: Biochemical analysis indicates the presence of collagen type I in fibrocartilaginous tissue of osteoarthritic
cartilage, whereas normal hyaline cartilage contains only collagen type II produced by normal chondrocytes.
Fibrocartilaginous tissue of late-stage osteoarthritis also exhibits irregularly shaped type 2b secretory chondrocytes
as described in the literature. We have attempted to elucidate the type of cell which produces each type of collagen
in late-stage osteoarthritis.
Design: We carried out in-situ hybridization at the light and electron microscopic level on the same tissue embedded
in LR-Gold8 applying silver enhancement for gold-coupled anti-DIG antibodies. We correlated the types of cells with
the expression of transcripts for type I and type II collagen.
Results: We found that cells resembling type 2b secretory chondrocytes of deep zones of fibrocartilaginous tissue
expressed collagen type I mRNA and almost no collagen type II mRNA. The amount of collagen type I mRNA was
as high as the amount produced in normal human skin fibroblasts.
Conclusion: Some of the collagen type I in osteoarthritic human cartilage of late-stage disease is produced by cells
resembling type 2b secretory chondrocytes of the deep zone.
Key words: Human articular cartilage, Late-stage osteoarthritis, Light and electron microscopic in-situ hybridization,
Collagen type I and type II mRNA.
Introduction
The functional and structural integrity of carti-
lage tissue is believed to rely on collagen type II
molecules and other components within its matrix
[1, 2]. Collagen type II in turn acts in concert with
other collagens [3]—type III, VI, IX, X, XI—and
matrix proteoglycans like aggrecan [4], decorin
[5, 6] or biglycan [6, 7]. Collagen type II protein has
been localized in articular cartilage of many
different species including man [8, 9], and belongs
to the fibrillar collagens consisting of three a1(II)
chains [10]. Collagen type II mRNA produced by
chondrocytes has also been detected in vivo at the
light microscopic level in mouse [11–13] and
human cartilage [14–17].
In contrast, collagen type I protein composed of
two a1(I) and one a2(I) chains [10] is produced,
amongst others, by fibroblasts as a key component
of the extracellular matrix of the skin [18]. The
presence of both collagen type I mRNA and the
protein has also been verified in fibroblasts of the
skin [19–21].
At the light microscopic level, some
authors have detected the occurrence of collagen
type I protein in osteoarthritis cartilage by
immunohistochemistry [8, 9, 22]. Collagen type II
mRNA was detected at the light microscopic
level in osteoarthritic cartilage by Aigner et al.
[14, 23].
At the ultrastructural level, the deep zones of
human articular cartilage of late-stage osteo-
arthritis predominantly show irregularly shaped
secretory chondrocytes of type 2b recently de-
scribed by Kouri et al. [24]. The cell biological
function of these cells is not known.
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To elucidate the function of this predominant
cell type of the deep zones of late-stage osteo-
arthritic cartilage we applied a technique which
enables the localization of gene expression with
high resolution at the light and electron micro-
scopic level. In-situ hybridization of collagen type I
and type II mRNA on LR-Gold8 embedded normal
and late-stage osteoarthritic cartilage tissues was
carried out with the help of gold-labeled anti-DIG-
antibodies and silver enhancement at the light
microscopic level [25]. Tissue specimens of the
same tissue were then processed for ultrastruc-
tural in-situ hybridization rendering a direct
comparison of the results possible.
We investigated human knee joint cartilage
tissue for its collagen type I and II mRNA content.
These tissues were obtained from patients under-
going osteotomy for axis deviation, which had
resulted in advanced stages of osteoarthritis. We
also investigated normal human cartilage and
normal human skin as controls.
We found that cells resembling secretory type 2b
chondrocytes of the deep zones of osteoarthritic
human cartilage from advanced stages of disease
described by Kouri et al. [24] expressed no collagen
type II mRNA but as much collagen type I mRNA
as do fibroblasts of normal human skin.
Materials and Methods
tissue preparation
Adult human articular cartilage from the knee
joint was obtained from five patients (ages: 55–75
years) undergoing Pridie drilling during osteotomy
for osteoarthritis due to axis deviation. The
patients met the American College of Rheumatol-
ogy classification criteria for osteoarthritis of the
knee [26]. Tissue specimens were collected from the
Pridie drilling material from the osteoarthritic
lesions.
Histological examination of the specimens at the
light and electron microscopic levels revealed late
stage osteoarthritic cartilage tissue. Specimens
were taken from the deep zones and exhibited the
cell that could be classified as secretory type 2a
and 2b chondrocytes and type 3 cells described by
Kouri et al. [24].
For control experiments, we obtained articular
cartilage from the lateral femoral condyle of the
knee joint of two accident victims (ages: 42 and 31
years). The deceased were not suffering from
systemic disease and had no other health problems.
Histological examination of the specimens at the
light and electron microscopic level revealed
normal cartilage tissue.
Normal human abdominal skin was obtained
from two patients from the safety margins of
excisions of clinically suspect dysplastic nevi.
Upon pathological examination these nevi proved
to be benign.
All patients gave their written informed consent
according to the Ethics Regulations of the
Medical Faculty of the Georg-August-University
Goettingen.
tissue embedding
Specimens were transported in Bretschneider
solution [27] at 4° C and within 15 min from the
operating theater to the laboratory to minimize
tissue destruction. All following steps were carried
out at 4° C. Specimens of the deep zones of the
cartilage were cut into 1 · 1 mm2 samples and fixed
by immersion in 4% paraformaldehyde and 0.5%
glutaraldehyde in 0.15 m phosphate-buffered saline
(PBS) for 30 min. The tissue samples were treated
with 10 mm NHCl4 in PBS for 45 min to reduce free
aldehyde and washed three times for 5 mins in
PBS. Thereafter, the specimens were dehydrated in
a series of ethanol from 30% (15 min), 50% (15 min)
to 70% (2 h). the specimens were then transferred
to the hydrophilic resin LR-Gold8 for 1 h in the
dark. Infiltration took place for 16 h at - 20° C also
in the dark in LR-Gold8 substituted with 0.8% of
the light-sensitive initiator benzil. The specimens
were placed in Beem8 capsules and polymerized for
20 h at - 20° C under the light of a halogen lamp
(500 W).
tissue sectioning
For light microscopic investigation, semithin
sections of 1 mm were cut with a Reichert
microtome and collected on chrome-alum coated
slides. The sectioning plane was determined and, if
necessary, specimens were re-embedded to allow
for longitudinal sections through the deep-zone of
the cartilage or the dermis of the skin.
For electron microscopic investigation, ultra-
thin sections were cut from the same samples as
the semithin sections with the help of a Reichert
ultramicrotome and collected on formvar coated
nickel grids.
probe preparation
A 435-bp cDNA ErcoI-DraI-fragment coding for
the 3' untranslated region of the a1(II)-collagen [23]
and a 206-bp cDNA styI-KpnI-fragment coding for
the 5' untranslated region of the a1(I)-collagen [14]
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were kindly provided by T. Aigner, Erlangen,
Germany. The cDNAs were subcloned in the
pGEM-4Z-vector. In-vitro transcription of non-
radioactive sense and antisense RNAs with the
digoxigenin labeling kit (Boehringer DIG-RNA
labeling kit, Boehringer, Mannheim, Germany)
was performed using the SP6 and T7 polymerase
promoters (Gibco/BRL, Heidelberg, Germany)
flanking the pGEM-4Z polylinker. Following
extraction with phenol–chloroform the RNA
probes were precipitated with absolute ethanol
and dissolved in DEPC-H2O.
antibody preparation
Anti-DIG antibody (sheep, IgG) was prepared,
non-stabilized and otherwise free of additive
solutions by Quartett, Berlin, Germany. The
antibody was coupled to 16 nm gold particles as
described previously [28].
light microscopic in-situ hybridization
To prepare semithin sections for the final silver
enhancement procedure, sections were pretreated
for 5 min in Lugol’s solution, rinsed with water and
exposed to 4% sodium thiosulfate for 30 s. The
sections were then rinsed with water for 2 min at
room temperature. Incubation with the hybridiz-
ation solution (50% formamide, 5 · SSC, 0.1 mg/ml
yeast-tRNA, 10 ng/ml probe) followed, for 16 h at
50° C. The probe concentration for collagen type I
and type II was 100 ng digoxigenin-labeled
antisense probe in 100 ml hybridization solution per
section. In control sections, an equivalently
labeled amount of sense-RNA was used instead of
antisense-RNA. Due to the different labeling
efficiencies of sense and antisense probes, the
concentrations were previously ascertained by
means of the dot-blot procedure in order to allow
the sense probe to serve as a valid control.
Post-hybridization treatment included washes
with 1 · SSC (2 · 15 min, at 50° C), 1 · SSC
(2 · 15 min), 0.1 · SSC (4 · 15 min) both at 60° C and
finally PBS for 15 min at room temperature.
Thereafter, specimens were incubated with a
1:60 dilution of anti-DIG gold-labeled antibody in
PBS for 1 h at room temperature rinsed thoroughly
with PBS. A standard silver enhancement pro-
cedure followed. Briefly, sections were exposed to
a fresh mixture of silver acetate and hydroquinone
in citrate buffer in the dark for 7 min. The reaction
was stopped with 4% sodium thiosulfate, the
specimens rinsed in PBS and counterstained with
hematoxylin. Sections were examined and micro-
graphs taken with a light microscope and oil
immersion at a magnification of · 1000.
controls
Each hybridization was accompanied by a
hybridization with a sense probe. Furthermore, the
following control experiments were performed for
the light microscopic investigation: the procedure
described above was carried out either without any
RNA probes, or using only colloidal gold not
coupled to antibody. We also performed the silver
enhancement without prior antibody incubation.
These controls were performed to evaluate the
detection procedure. None of them showed any
staining.
electron microscopic in-situ hybridization
The grids were pretreated with PBS for 15 min at
room temperature. Incubation with the hybridiz-
ation solution (50% formamide, 5 · SSC, 0.1 mg/ml
yeast–tRNA, 10 ng/ml probe) followed for 16 h at
45° C. Probe concentrations for collagen type I and
type II were 200 ng digoxigenin-labeled antisense
probe in 20 ml hybridization solution per section.
On control grids, an equivalently labeled amount
of sense RNA was used instead of antisense RNA
as described for the light microscopic procedure.
Post-hybridization treatment consisted of
washes with 1 · SSC (2 · 15 min, at 50° C), 1 · SSC
(2 · 15 min), 0.1 · SSC (4 · 15 min) both at 60° C.
Thereafter, grids were treated with PBS for 15 min.
Specimens were then incubated with a 1:60
dilution of anti-DIG gold-labeled antibody in PBS
for 1 h at room temperature, rinsed thoroughly
with PBS, contrasted for 10 min with uranyl
acetate and for 5 min with lead citrate, rinsed with
water and dried. The grids were examined and
micrographs taken at a magnification of · 20 000
with a Zeiss EM 109.
controls
Each hybridization was accompanied by a
hybridization with a sense probe. These revealed
sparse labeling which could be regarded as
unspecific background. Moreover, control exper-
iments were carried out to determine the specifi-
city of the DIG detection steps. We incubated the
sections with a goat anti-rabbit IgG (Medac,
Hamburg, Germany) coupled to colloidal gold and
incubated the sections with colloidal gold alone.
None of these experiments showed any staining.
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Results
light and electron microscopic histology
Human cartilage tissues
The control specimens of cartilage of the deep
zones appeared as morphologically normal tissues,
with normal chondrocytes surrounded by extra-
cellular matrix. Ultrastructural investigation
showed normal chondrocytes with sparse endoplas-
mic reticulum and microvilli extending into the
pericellular space. The interterritorial matrix
revealed collagen fibers next to more globular
structures which represent proteoglycans.
In contrast, the specimens of late-stage osteo-
arthritis showed the fibrillar appearance of fibro-
cartilaginous tissue. Electron microscopy showed
cells resembling secretory type 2b chondrocytes
and to a lesser extent type 2a and type 3 cells. The
cells resembling type 2b chondrocytes with
elongated shapes exhibited extensive rough endo-
plasmic reticulum and few microvilli. The pericel-
lular spaces were narrow.
Figs. 1–3. Caption opposite.
100
0
Osteoarthritic
cartilage
chondrocytes
type 2b
N
u
m
be
r 
of
 g
ol
d 
pa
rt
ic
le
s 
pe
r 
ce
ll
80
60
40
20
Normal
cartilage
normal
chondrocytesS
ki
n
fi
br
ob
la
st
s
*
*
Miosge et al.: Collagen type I mRNA in fibrocartilaginous cartilage282
Fig. 4. Mean values with s.e.m. (bars) of the numbers of
gold particles per cell (type 2b secretory chondrocytes of
late stage osteoarthritic cartilage versus normal
chondrocytes of normal cartilage or fibroblasts of
normal skin) following electron microscopic in-situ
hybridizations with collagen type I antisense probe (Q),
collagen type II antisense probe (q) and as controls
collagen type I sense probe ( ) and collagen type II
sense probe ( ). Significant differences (p R 0.01) were
noted (asterisks). Bars below the horizontal line
represent labeling intensities regarded as unspecific
background.
next to bundles of collagen fibrils. Ultrastructural
investigation showed the well-known substruc-
tures of normal skin.
in-situ hybridization of normal human knee
joint cartilage
The staining in the light microscopic in-situ
hybridization indicated collagen type II mRNA in
the cytoplasm of normal chondrocytes and sparse
labeling of their nuclei [Fig. 1(a)]. Electron
microscopic in-situ hybridization exhibited stain-
ing for collagen type II mRNA of moderate
abundance [Fig. 1(b)]. Collagen type II mRNA was
found in the cytoplasm of chondrocytes next to
ribosomes attached to the endoplasmic reticulum
[Fig. 1(c)]. Sense probes showed only a very low
labeling intensity regarded as nonspecific back-
ground staining [Fig. 1(d)]. In-situ hybridization
for collagen type I mRNA showed labeling at an
intensity regarded as nonspecific background
(data not shown).
in-situ hybridization of late-stage
osteoarthritic human knee joint cartilage
In-situ hybridization of the late-stage osteo-
arthritic tissue showed labeling for collagen type
I mRNA mainly in the cytoplasm of elongated cells
at the light microscopic level [Fig. 2(a)]. Ultra-
structural investigation exhibited strong labeling
for collagen type I mRNA of the elongated cells
resembling type 2b chondrocytes [Fig. 2(b)].
Labeling was seen on ribosomes near the
Human skin
Examination of the semithin sections showed
normal human skin with no pathological alter-
ations. The dermis showed the normal fibroblasts
Fig. 1. (a) Normal human cartilage, light microscopic in-situ hybridization for collagen type II mRNA, staining of the
cytoplasm, bar = 10 mm. (b) Normal human cartilage, electron microscopic in-situ hybridization for collagen type II
mRNA, open arrows = staining of the endoplasmic reticulum in the cytoplasm of a normal chondrocyte,
m = mitochondrion, bar = 0.38 mm. (c) Higher magnification of (b), normal human cartilage, electron microscopic in-situ
hybridization for collagen type II mRNA, open arrow = staining of ribosomes near the endoplasmic reticulum (rer) in
the cytoplasm, bar = 0.17 mm. (d) Normal human cartilage, control in-situ hybridization for collagen type II mRNA with
sense probes, n = nucleus, bar = 0.38 mm.
Fig. 2. (a) Late-stage osteoarthritic human cartilage, elongated chondrocyte, light microscopic in-situ hybridization
for collagen type I mRNA, staining of the cytoplasm, bar = 10 mm. (b) Late-stage osteoarthritic human cartilage,
elongated type 2b secretory chondrocyte, electron microscopic in-situ hybridization for collagen type I mRNA, open
arrows = staining of the endoplasmic reticulum in the cytoplasm, bar = 0.38 mm. (c) Higher magnification of Fig. 2(b),
late-stage osteoarthritic human cartilage, electron microscopic in-situ hybridization for collagen type I mRNA, open
arrow = staining of ribosomes near the endoplasmic reticulum (rer) in the cytoplasm, bar = 0.1 mm. (d) Late-stage
osteoarthritic human cartilage, control in-situ hybridization for collagen type I mRNA with sense probes, n = nucleus,
open arrow = endoplasmic reticulum, bar = 0.38 mm.
Fig. 3. (a) Normal human skin, light microscopic in-situ hybridization for collagen type I mRNA, staining of the
cytoplasm, bar = 10 mm. (b) Normal human skin, electron microscopic in-situ hybridization for collagen type I mRNA,
open arrows = staining of the endoplasmic reticulum in the cytoplasm, cf = collagen fibrils, bar = 0.38 mm. (c) Higher
magnification of Fig. 3(b), normal human skin, electron microscopic in-situ hybridization for collagen type I mRNA,
open arrow = staining of ribosomes near the endoplasmic reticulum (rer) in the cytoplasm, bar = 0.17 mm. (d) Normal
human skin, control in-situ hybridization for collagen type I mRNA with sense probes, n = nucleus, open
arrow = endoplasmic reticulum, bar = 0.38 mm.
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endoplasmic reticulum within these cells [Fig.
2(c)]. Sense probes showed no labeling other than
a sparse level of signal which could also be
regarded as nonspecific background [Fig. 2(d)].
In-situ hybridization for collagen type II mRNA
showed labeling at an intensity also regarded as
nonspecific background (data not shown).
control in-situ hybridization of normal human
abdominal skin
Light microscopic in-situ hybridization revealed
labeling for collagen type I mRNA mainly in the
cytoplasm of fibroblasts of the dermis [Fig. 3(a)].
Ultrastructural investigation exhibited strong
labeling for collagen type I mRNA near the
endoplasmic reticulum in the cytoplasm of the
fibroblasts. Labeling was only seen in the cells and
not in the surrounding matrix [Fig. 3(b)]. Again
labeling was seen near ribosomes of the rough
endoplasmic reticulum [Fig. 3(c)]. Sense probes
showed no staining other than a low-level signal
regarded as nonspecific background [Fig. 3(d)].
In-situ hybridization for collagen type II mRNA
exhibited a labeling intensity regarded as non-
specific background (data not shown).
statistical analysis
Micrographs of the different cell types of
specimens from all patients were pooled and
randomly counted for gold particle contents,
N = 10. Mean values with s.e.m. of the numbers of
gold particles per cell (elongated cells resembling
type 2b chondrocytes of late-stage osteoarthritic
cartilage versus normal chondrocytes of normal
cartilage or skin fibroblasts as control) after
electron microscopic in-situ hybridizations for
collagen type I and II of sense and antisense probes
were analysed. Mean values under 14 gold
particles per cell were regarded as nonspecific
background. Significant differences in the number
of gold particles were noted for P-values (P R 0.01)
using the Wilcoxon–Mann–Whitney test for un-
paired samples (Fig. 4).
Discussion
Performance of light and electron microscopic
investigations on LR-Gold8 embedded tissue with
the same mRNA probes, and their detection using
gold-coupled anti-DIG antibodies allows a direct
comparison of the results. The two methods show
identical outcomes, with regard to sense and
antisense in-situ hybridizations. The tissues of all
the patients investigated show a similar labeling
intensity for mRNA in the cytoplasm. In order to
further evaluate the results on collagen type I
mRNA in the diseased cartilage, we included
normal human skin known to exhibit collagen type
I mRNA [19] as an additional positive control.
We also performed extensive negative control
experiments, none of which showed any staining.
Applying electron microscopic in-situ hybridiz-
ation we were able to differentiate the cell types in
the late-stage osteoarthritic tissue with a high
resolution, although the fixation method necessary
leads to less favorable tissue preservation com-
pared to standard fixation protocols [29]. The light
microscopic approach yields fewer silver granules
per cell then the comparable electron microscopic
method would suggest, at first. This is due to the
fact that several gold particles serve as nucleation
points for one resulting silver granule [30].
One new aspect of the method presented here is
that the immunogold approach enables quantifi-
cation of the results [31]. Therefore, we can state,
that cells resembling type 2b secretory chondro-
cytes of the deep zones in late-stage osteoarthritic
cartilage produce collagen type I mRNA and that
the amount of collagen type I mRNA represented
by the number of gold particles is as high as that
produced by fibroblasts in normal human skin.
Unfortunately, we cannot compare the results of
collagen type I and collagen type II hybridizations
directly. The number of gold particles does not
directly represent the amount of mRNA, because
the type probes differ in their length and one
cannot assume a similar hybridization rate. The
larger probe might form more stable hybrids,
whereas the shorter probe statistically might have
a greater probability of labeling the transcript.
However, the immunogold method is a tool with
which a correlation between the number of gold
particles and the mRNA concentration can be
established.
Applying immunohistochemistry, Gay and
Rhodes [8] and Nerlich et al. [9] found collagen
type II and also collagen type I protein in the
interterritorial matrix of osteoarthritic cartilage.
In contrast, Aigner et al. found an upregulated
collagen type II mRNA content [23] in the
chondrocytes of the diseased cartilage but no
collagen type I mRNA or protein [14]. The latter
finding differs from observations [8, 9, 32] that
collagen type I mRNA or protein is found in
osteoarthritic tissue. This might be explained by
the differing stages of diseases investigated. We
exclusively investigated the deep zones of late-
stage osteoarthritic cartilage. Specimens investi-
gated by Aigner et al. [14, 23] were all obtained
from patients whose progress of disease was still in
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early stages. The relatively low amount of collagen
type II mRNA in the normal chondrocytes of the
normal cartilage might be explained by the slow
turnover of collagens in normal cartilage tissue
[33].
Our findings are in agreement with Goldwasser
et al. [32] who detected collagen type I protein,
biochemically, in tissue samples mainly composed
of fibrocartilaginous tissue of late-stage osteoar-
thritis.
In summary, the results of our study indicate
that cells resembling type 2b secretory chondro-
cytes of the deep-zone of late-stage osteoarthritic
cartilage described by Kouri et al. [24] produce
collagen type I mRNA and not collagen type II
mRNA. They might be the origin of the collagen
type I protein detected in late-stage osteoarthritis
by earlier biochemical studies [32] and by
immunohistochemistry [8, 9].
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